ASTno acid sequence of human respiratory syncytiai virus envelope glycoprotein (G) was deduced from the DNA sequence of a recombinant plasmid and confirmed by limited amino add microsequendng of purified 90K G protein.
INTRODUCTION
Enveloped negative strand RNA viruses attach to receptors of susceptible cells via one or more glycoproteins that are required for entry and cell to cell spread (1,2). Additionally these proteins determine host tropism and antigenic variation. Among the several paramyxoviruses, these functions are mediated by two vectorially Inserted membrane glycoproteins, namely the HN (hemagglutin1n-neuram1n1dase) and F (fusion) protein (3,4). Biochemical studies with the purified glycoproteins and genetic analysis of natural variants or those derived in vitro have firmly established a receptor binding function for HN and a role in cell penetrance by membrane fusion for the F protein (3-6). Unlike the segmented Influenza viruses, both the receptor binding (hemagglutinin) and the neuraminidase (receptor destroying) activities reside on the same polypeptide, HN of the paramyxoviruses. The F protein 1s synthesized as a precursor FQ that is activated by a specific proteolytic cleavage by host cells during cytoplasmic transport (6). Although antibodies against the F protein inhibit cell to cell spread following infection (7), the 
EXPERIMENTAL PROCEDURES Cells and Virus:
RS virus (strain A2) was grown on Hep-2 cell monolayers. Actinomydn-D (1 pg/ml) was routinely present both for virus purification and mRNA isolation by guanidine isothiocyanate method (30) . Different batches of mRNAs were screened by cell free translation (24) . For protein labeling cells were infected at a multiplicity of 5 plaque forming units/cell and the appropriate ( H)-am1no add or ( S)-meth1on1ne was added 2h post Infection. Preparation of cell extracts for 1nmunoprecipitat1on has been described (16 
Imnunoprecipitation:
Preparation and characterization of mouse ant1-RS virus monoclonal antibodies Q will be described elsewhere. Cytosolic protein from 10 Infected cells 1n 4 ml was Incubated with 0.1 volume of 1:10 dilution of pooled asdtes fluids specific for G protein for 4h and the Ag/Ab complexes were recovered by binding to and elution from prote1n-A Sepharose beads (35) . The G protein was subsequently purified by SDS (sodium dodecyl sulfate)-polyacrylam1de gel electrophoresis, extracted from gel and dialyzed exhaustively against 0.001S SDS prior to CNBr cleavage as described (36) . Amino add sequencing: The G protein was digested with cyanogen bromide (CNBr) as described by Ewenstein et al (37) . CNBr cleaved protein fragments were resolved by gel filtration on Sephacryl-200 column. The column (2 x 195 cm.) was equilibrated 1n 6M guan1d1ne-HCl plus 0.5% acetic add. Fraction size was 2 ml and the flow rate was 0.2 ml/m1n. Automated N-term1nal microsequendng was by Beckman 890C sequenator and the Beckman 0.1 M Quadrol program (38) . For each sequence step, 25% of the butyl chloride extract was removed tor determination of radioactivity. I he amino add derivatives ot those fractions showing radioactivity above background levels were converted to PTH (phenylthiohydantoin) derivatives and mixed with PTH-am1no acid standards. Individual PTH derivatives were resolved by HPLC (38) . Immunofluorescence:
Cell monolayers on coverslips were Infected at a multiplicity of 0.05 plaque forming units/cell, and processed 24h later. Live cell Indirect Immunofluorescence using monoclonal antibodies and fluorescein conjugated anti-mouse IgG has been described (39). Where indicated tunicamycin (0.2 pg/ml) or monensin (0.2 pM) were added 2h post infection.
RESULTS
Identification of a RS viral cDNA plasmid encoding a 33K protein: During initial characterization of a recombinant cDNA library constructed using viral mRNAs, three nonoverlapping classes of recombinants were detected (21,40). They could not be readily assigned to definite viral genes since the translation products of mRNAs hybrid selected by these plasmids did not correspond to any of the viral proteins identified till then (40) . TCC AAA AAC AAG GAC CAA CGC ACC GCT AAG ACA TTA GAA AGG ACC TGG GAC ACT CTC  MET SER LYS ASH LYS ASP GIN ARG THR ALA LYS THR LEU GLU ARG THR TRP ASP THR LEU  30  40  AAT CAT TTA TTA TTC ATA TCA TCG TGC TTA TAT AAG TTA AAT CTT AAA TCT GTA GCA CAA  ASM HIS LEU LEU PHE ILE SER SER CYS LEU TYR In this manner 1t was found that the first four nucleotides of the 5' NGGGCAAAU sequence were lacking 1n this plasmid (F1g. 2). The cloned Insert might be a complete copy of G mRNA since the 5'NGGG-sequence cannot be distinguished from the string of G residues generated by the terminal transterase reaction during cloning. (27) .
The seauence ot the gene 1n the messenger sense and the deduced amino add sequence tor the longest open reading frame (ORF) encoding a 33K protein are presented 1n F1g. 3. Between the ATG codon at position Vi from the oligo(dG) tail and the termination codon 6 residues upstream ot the poly(dA) was encoded a protein of 32588 daltons containing 298 amino acids. The calculated m.w. was somewhat smaller than the observed 36K. Neither this AUG nor the one five residues upstream occurred 1n the canonical eucaryotic translation Initiation sequence PXXAUGG (41) . Except for a small stretch of 41 residues 1n the middle of the transcript the other two reading frames were extensively blocked. The 33K protein 1s highly basic (35 vs. 15 addle residues) and extremely rich 1n hydroxyamino adds (33 ser. and 58 thr.). Both the basic and hydroxy aminoadds were found predominantly 1n the C-term1nal half of the molecule. There were moderate number of proline residues (30 1n all) again mostly 1n the C-term1nal portion. Ihe protein is not overtly hydrophobic and there 1s no apparent signal sequence (42) at either the N or the C-term1nus. In fact the only region of extreme hydrophobidty was Internal; between 41 and 63 residues from the N-term1nus (F1gs. 3 and 4). Seven N-glycosylat1on sites of the type Asn-X-Thr/Ser were present on the C-terminal side of this hydrophobic domain. 1n N-glycosylat1on pathway (43), there was a  slight decrease 1n the size of the G protein (Fig. 6, lane 2) . In the presence of the ionophore, monensin which is known to affect electrochemical gradients in the Golgi complex and secondarily influence the 0-glycosylat1on pathways, there was a dramatic loss of the mature G protein and appearance of a diffuse band of ca. 50K sometimes resolvable as a doublet at low concentration of the inhibitor (lanes 3 and 4) . With both inhibitors, only diffuse background staining was evident. We tried to correlate these observations with the effect on the egress of G protein to the cell surface. Tunicamycin treatment prevented surface expression of F protein but had no effect on the transport of G protein (Fig. 6, panel T) . Monensin, even at high concentrations had minimal effects on the transport of either glycoprotein (panel M). Although, the experiment described 1n F1g. 7 utilized monoclonal antibodies, we observed essentially similar results for the F protein using polyclonal rabbit anti RS virus hyperimmune serum. The polyclonal serum, however, had very poor ant1-G titers to be useful. However, a similar pattern ot live cell imnunofluorescence was observed in monensin treated cells using a mixture of different G specific monoclonal antibodies. The above observations are very similar to the recently published report ot Gruber and Levine (44) thus suggesting a role tor glycosylation in the vectorial transport of these glycoproteins.
DISCUSSION
Several recent studies have elucidated certain fundamental differences between RS virus and paramyxoviruses. They can be briefly summarized as the following: 1) unlike the paramyxoviruses which have six transcripts, RS virus encodes at least ten genes that are Individually transcribed 1n a polar fashion, 2) two viral nonstructural protein genes rather than the nucleocapsid protein (NP) gene are 3' proximal on the linear genetic map, 3) at least three nonstructural proteins are encoded as distinct genetic units rather than being encoded by overlapping reading frame (e.g. Sendai virus P and C proteins) and 4) the transcribed genes may be separated on the genome by complex Intercistronic sequences Instead of the usual d1 or trinucleotide boundaries (13-15, 26,28,29) . In spite of this notable evolutionary divergence, there are many similarities among these viruses in the organization of structural Immune-affinity purified G protein was not amenable to direct ammo add sequencing probably due to blocked N-terminus. However, limited amino add sequence of a large internal CNBr fragment agreed precisely with the deduced amino add sequence 1n the 33K protein.
The G protein of RS virus 1s an Integral membrane protein that is readily solubilized by detergent or trypsin treatment, and therefore would De expected to possess cardinal features of viral envelope glycoproteins such as a N-terminal signal sequence and N-or C-tertn1nal hydropnobic anchorage domains (1,2,15,16,45) . I he deduced sequence ot 298 amino acids, however, is virtually devoid of these features. In fact, the only region of marked hydrophobidty is between residues 41 and 63 from the N-terminus (Fig. 4) 
